Tryptophan methyl ester 2 reacts with ethyl cyanoacetate to form acetonitrilocarbonyltryptophan methylester 3. The latter reacts with cyanomethylene reagents, hydrazines, cyanomethylenes and sulfur to form the corresponding α-pyrido-3-indolopropanoate derivatives 6a,b, pyrazolyltryptophan methyl ester derivatives 8a,b and thiophenotryptophan methyl ester derivatives 10a,b, respectively. Also compound 3 reacts with benzaldehyde to give the condensated product 12. The reactivity of the latter product towards chemical reagents was studied to form pyridine, pyrazole and isoxazole derivatives.
INTRODUCTION
The development of potential therapeutic agents based on the structure of peptides has stimulated an interest in the design and synthesis of unnatural amino acids [1] [2] [3] . Thus, numerous chemical transformations of amino acids have been reported [4] . Indole and it's derivatives have been a topic of research interest for over a century [5, 6] . This, is in part, due to the fact that indole moieties are found in a variety of naturally occurring compounds that exhibit various physiological properties [7, 8] . Tryptophan is one of the most important amino acids which containing indole moiety. However, to our knowledge, few investigations have been reported concerning its uses in the formation of cyclic tryptophan derivatives [9] [10] [11] [12] . The reaction of tryptophan with cyanoacetates is known to produce cyanoamides in the aim of forming photo-active crosslinking bioprobes [13, 14] . In view of these observations and in continuation with studies involving the synthesis of unusual hormones and amino acids derivatives [15] [16] [17] , we have used in this study, L-tryptophan is used to form new heterocyclic compounds of potential biological activities.
RESULTS AND DISCUSSION
The reaction of tryptophan (1) with methanol in acetyl chloride solution afforded the corresponding tryptophan methyl ester 2 (Scheme 1). Compound 2 reacted with an equimolar amount of ethyl cyanoacetate in 1,4-dioxan under reflux to give the methyl α-imino(acetonitrilocarbamido)-3-indolopropanoate (3) via elimination of ethanol. The mass spectrum of compound 3 showed molecular ion peak at m/z 286 (25%). The IR spectrum of compound 3 revealed the presence of NH stretching at v 3400-3360 cm To improve the pharmaceutical properties of the tryptophan molecule, we have outlined the synthesis of several indole derivatives containing heterocyclic moiety. Therapeutic agents containing pyridine, thiophene, and pyrazole moieties have attracted the attention of researchers in pharmaceutical chemistry; these heterocycles have been found to show various biological activities [18, 19] . Compound 3 seemed to be an interest candidate for further chemical transformations to form indole derivatives with potential biological activity. The reactivity of compound 3 towards the reaction with active methylene reagents was investigated. Thus, compound 3 reacted with equimolar amount of either malononitrile (4a) or ethyl cyanoacetate (4b) in ethanolic triethylamine solution gave the α-pyrido-3-indolopropanoate derivatives 6a,b, respectively. Formation of the latter products took place via the intermediate formation of 5a,b which underwent ready intramolecular cyclization to give compounds 6a,b (Scheme 2). The IR spectrum of each of 6a and 6b showed two CN groups stretching at v 2200 and 2225 cm -1 , respectively. The 1 H NMR of compound 6a showed a singlet at δ 4.62 (4H, D 2 O-exchangeable) for the two NH 2 groups while that of compound 6b showed a singlet at δ 4.41 (2H, D 2 O-exchangeable) for one NH 2 group and a singlet at δ 10.05 for the OH group. Moreover, each of compounds 6a,b showed a singlet at δ 6.23 and 6.34, respectively for the pyridine ring proton at C-3 (cf. experimental section).
The study also extended to the reactivity of compound 3 towards nitrogen nucleophilic reagents. Thus, compound 3 reacted with equimolar amounts of either hydrazine hydrate or phenylhydrazine in refluxing ethanol containing a catalytic amount of triethylamine to give the corresponding pyrazolyltryptophan methyl ester derivatives 8a,b. The reaction took place via a simple ad-dition of hydrazine hydrate or phenylhydrazine to the CN group in compound 3 to give the intermediates 7a,b which readily afforded compounds 8a,b via water elimination (Scheme 2). Moreover, compound 3 reacted with hydroxylamine hydrochloride in cold ethanolic sodium acetate solution to give the corresponding oxadiazinomethylenoindole derivative 9 (Scheme 2). Structures of compounds 8a,b and 9 were supported by their compatible analytical and spectral data (cf. experimental section).
The reaction of compound 3 with equimolar amount of benzaldehyde in ethanolic triethylamine solution under reflux afforded the condensated product benzalacetonitrilocarbonyltryptophan methyl ester derivative 12 (Scheme 4). The reactivity of the α,β-unsaturated nitrile moiety of compound 12 towards the reaction with various chemical reagents was investigated. Thus, 12 reacted with either malononitrile 4a or ethyl cyanoacetate 4b in refluxing ethanolic triethylamine solution to give the methyl α-pyrido-1-yl-3-indolopropanoate derivatives 14a,b, respectively via the intermediacy of 13a,b (Scheme 4). The IR spectrum of compound 14a revealed the presence of two CN groups at v 2220 and 2215 cm -1 and the 1 H NMR spectrum of compound 14a showed two D 2 O-exchangeable singlets at δ 4.46 (2H) and δ 11.02 (1H) corresponding to the NH 2 and NH groups, respectively. The mass spectrum of compound 14b showed a molecular ion peak at m/z 486 (35%) and the 1 H NMR spectrum of 14b revealed a triplet at δ 1.33 and a quartet at δ 4.32 which is characteristic to ethyl ester group (cf. experimental section). Compound 3 reacted with equimolar amounts of either malononitrile 4a or ethyl cyanoacetate 4b and elemental sulfur in ethanolic triethylamine solution under reflux to afford the corresponding thiophenotryptophan methyl ester derivatives 10a,b (Scheme 3). The IR spectrum of compound 10a revealed the presence of two CN groups stretching at v 2210 and 2225 cm -1 and the 1 H NMR spectrum revealed the presence of D 2 O-exchangeable singlet (2H) at δ 4.58 for the NH 2 group and two D 2 O-exchangeable singlets at δ 10.78 (1H) and δ 11.94 (1H) for the two NH groups. On the other hand, the IR spectrum of 10b showed the presence of one CN group stretching at v 2200 cm -1 and its 1 H NMR spectrum showed a triplet at δ 1.23 beside a quartet at δ 4.24 due to the ethyl ester group, in addition to the NH 2 and the two NH singlet signals at δ 6.50, 10.71 and 10.88, respectively. The cyanomethylene moiety of compound 3 coupled easily with benzenediazonium chloride in cold ethanolic sodium acetate solution to give the phenylhydrazo derivative 11 based on 1 H NMR spectrum which showed, beside the expected chemical shifts, three NH singlets at δ 9.25 and 9.97-9.99 (D 2 O-exchangeable) (Scheme 3).
The reactivity of compound 12 towards the reaction with nucleophilic reagents was investigated. Thus, the reaction of 12 with equimolar amounts of either hydrazine hydrate or phenylhydrazine in ethanolic triethylamine solution under reflux afforded the corresponding carbonylpyrazolotryptophan methyl ester derivatives 15a,b, respectively (Scheme 5). Similarly compound 12 reacted with hydroxylamine hydrochloride in ethanol containing sodium acetate solution to afford the isooxazolotryptophan methyl ester derivative 16 (Scheme 5). The chemical structures of compounds 15a,b and 16 were confirmed via the analytical and spectral data (cf. experimental section). 
EXPERIMENTAL SECTION
The starting pure powder of L-tryptophan was purchased from Sigma Company, USA. The appropriate precautions in handling moisture sensitive compounds were undertaken. All melting points of the newly synthesized compounds were measured using an electrothermal capillary melting point apparatus and are uncorrected. The IR spectra are expressed in cm -1 and recorded in KBr pellets on a Pa-9721 IR spectrometer (Shimadzu, Japan).
1 H-and 13 C NMR spectra were obtained on a Varian EM-390 90 MHz spectrometer in DMSO-d 6 as solvent, using TMS as internal reference and chemical shifts (δ) are expressed in ppm. Mass spectra were recorded on a GCMS-QP 1000 Ex spectra mass spectrometer operating at 70 eV Equipment (Germany). Elemental analyses were preformed with all final compounds by Microanalytical Data Unit at The National Research Centre, Giza, Egypt. The reactions were followed using TLC analyses which were performed using Merck 60 F254 aluminum sheets and visualized by UV light (254 nm). Although tryptophan methyl ester is commercially available in the hydrochloride form we preferred to syntheses the native methyl ester via the procedure indicated below.
Methyl α-amino-3-indolopropanoate (2).
To a solution of tryptophan 1 (10.2 g, 0.05 mol) in methanol (5 mL) equivalent amount of acetylchloride (3.77 mL, 0.05 mol) in methanol (30 mL) was added drop wise with stirring at 0°C. The reaction mixture was stirred for 24 h, and then evaporated under vacuum. The formed solid product neutralized by sodium carbonate solution (1 N), extracted by chloroform and dried by anhydrous sodium sulfate. The solid product formed after evaporation of the solvent, filtered off, dried and crystallized from methanol. White crystals, yield 55% (6.0 g) 
Methyl α-imino(acetonitrilocarbamido)-3-indolopropanoate (3)
. To a solution of 2 (1.09 g, 0.005 mol) in 1,4-dioxan (30 mL), equivalent amount of ethyl cyanoacetate 4b (0.56 g, 0.005 mol) was added. The reaction mixture was heated under reflux for 3h. The solid product formed by evaporation under vacuum was filtered off, dried and crystallized.
Methyl α-(2,4-diamino-5-cyano-6-oxopyrido-1-yl)-3-indolopropanoate (6a), Methyl α-(4-Amino-5-cyano-2-hydroxy-6-oxopyido-1-yl) -3-indolopropanoate (6b)

General Procedure
To a solution of Compound 3 (1.42 g, 0.005 mol) in ethanol (30 mL), containing a catalytic amount of triethylamine (1 mL, 0.01 mol), equivalent amount of either malononitrile 4a (0.33 g, 0.005 mol) or ethyl cyanoacetate 4b (0.56 g, 0.005 mol) was added. The reaction mixture in each case was heated under reflux for 3h and then was cooled at room temperature, poured over ice/ water mixture and neutralized with dilute hydrochloric acid. The formed solid product, in each case filtered off, dried and crystallized from the appropriate solvent. 
Methyl α-imino(5-aminopyrazolo-3-yl)-3-indolopropanoate (8a) Methylα-imino(5-amino-2-phenylpyrazolo-3-yl)-3-indolopropanoate (8b)
General Procedure. To a solution, of compound 3 (1.42 g, 0.005 mol) in ethanol (30 mL), containing a catalytic amount of triethylamine (2 mL, 0.02 mol), equivalent amount of either hydrazine hydrate (0.25 g, 0.005 mol) or phenylhydrazine (0.54 g, 0.005 mol) was added. The reaction mixture in each case was heated under reflux for 5 h and then was cooled at room temperature, poured over ice/water mixture and neutralized with dilute hydrochloric acid.
The formed solid product, in each case, was filtered off, washed with water and crystallized from the appropriate solvent. 
General Procedure
To a mixture of compound 3 (1.42 g, 0.005 mol), elemental sulfur (0.16 g, 0.005mol) and either malononitrile 4a (0.33 g, 0.005 mol) or ethyl cyanoacetate 4b (0.56 g, 0.005 mol) in ethanol (30 mL), triethylamine (0.5 mL, 0.005 mol) was added. The reaction mixture in each case was heated under reflux for 4 h and then was cooled at room temperature, poured over ice/water mixture and neutralized with dilute hydrochloric acid. The formed solid product was filtered off, dried and crystallized from the appropriate solvent. -N-(phenylhydrazoacetonitrilocarbamido)-3 indolopropanoate (11). A solution of compound 3 (1.42 g, 0. 05 mol), in ethanol (30 mL) containing a catalytic amount of sodium acetate (1.0 g) was cooled to 0-5°C and then treated gradually with a cold solution of benzenediazonium chloride (prepared from the appropriate quantities of aniline, HCl and NaNO 2 ). After addition of the diazonium salt was completed, the reaction mixture was stirred at room temperature for 30 min. The solid product, separated upon dilution with cold water, was filtered off, washed with water several times, dried and crystallized from EtOH to yield 72% (1.40 g) 
